Background: Metabolic syndrome (MetS) is a global health problem. Physical activity (PA) is a known modifiable risk factor for MetS and individual MetS components. However, the role of PA could differ between sub-populations due to differences in the variability of PA and other MetS risk factors. To examine these differences, multi-country studies with standardized outcome measurement methods across cohorts are needed. Methods: Cross-sectional PA levels (total and domain specific) in healthy middle-aged (44À56 years) men in the Risk Factor Assessment among Japanese and U.S. Men in the Post-World War II Birth Cohort (ERA-JUMP) Study (n = 730; American: n = 417; Japanese: n = 313; from population-representative samples in Pittsburgh, Pennsylvania, USA, and Kusatsu, Shiga, Japan) were compared. The relationships between PA levels and MetS (overall and specific components) in/across the American and Japanese sub-cohorts (adjusting for age, smoking, and alcohol consumption) were also assessed using the same instruments (pedometer and validated questionnaire) to measure PA in both cohorts. Results: A total of 510 individuals provided complete data on PA (American: n = 265; Japanese: n = 245). The American cohort had significantly lower mean § SD steps/day (7878 § 3399 steps/day) vs. the Japanese cohort (9055 § 3797 steps/day) (p < 0.001) but had significantly higher self-reported moderate-vigorous leisure PA (American: 15.9 (7.4À30.3) metabolic task equivalent hours per week (MET-h/week) vs. Japanese: 4.0 (0À11.3) METh/week, p < 0.0001). In both sub-cohorts, each 1000 steps/day increase was associated with lower odds of having MetS (American: OR = 0.90, 95%CI: 0.83À0.98; Japanese: OR = 0.87, 95%CI: 0.79À0.95) and the individual MetS component of high waist circumference (American: OR = 0.86, 95%CI: 0.79À0.94; Japanese: OR = 0.87, 95%CI: 0.80À0.95). In the American cohort only, higher self-reported leisure PA (Met-h/week) was associated with lower odds of MetS and high waist circumference (OR = 0.98, 95%CI: 0.97À0.99 for MetS and waist circumference, respectively). Conclusion: Higher total step counts/day had an important protective effect on MetS prevalence in both the Japanese and American cohorts, despite differences in PA levels and other MetS risk factors. The effect of steps/day (across all intensity levels) was much greater than domainspecific moderate-vigorous PA captured by questionnaire, suggesting the need for measurement tools that can best capture total movement when examining the effects of PA on MetS development. 
Introduction
Metabolic syndrome (MetS), a cluster of metabolic risk factors leading to the development of cardiovascular disease and diabetes, is a rapidly increasing global threat, affecting 20%À30% of adults worldwide. 1 It is expected to increase further, given aging populations in many countries and changes in lifestyle habits related to westernization.
1À3
Physical activity (PA) is an important modifiable factor for MetS that is available to people around the world. 4 Studies in various countries have shown the associations between MetS and PA in their population cohorts. 5À8 However, there is variability across populations in regard to how much PA contributes
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to MetS prevalence. 5À8 Without consistency in the measurement methods for PA, it is currently unknown whether these perceived differences in risk contribution across different cultures or countries are real or are artifacts of differential bias caused by using different methods of PA measurement. 9 This is unfortunate because examining the associations between PA levels and MetS across cohorts with different lifestyle habits and different rates of MetS has the potential to better illuminate the mechanisms underlying the relationship between PA and MetS.
Most previous studies have used recall questionnaires to assess self-reported PA levels. 5À8 However, studies with cohorts from more than 1 country are rare and there are many different types of PA questionnaires, resulting in the use of different questionnaires across studies. In general, questionnaires are best for measuring domain-specific planned activities (e.g., leisure, occupational, and commuting) that are of moderate-to-vigorous intensity because people are able to recall these activities better. 10 Not all questionnaires capture all domains; nevertheless, most studies present their findings as being generically based on "physical activity" regardless of the components of PA that are represented. Even in cases where the same questionnaire is used and translated into different languages, there can be problems related to interpretation bias, cultural sensitivity for reporting certain activities, or missing information on activities that are important in one culture versus another. 11, 12 These issues can make it difficult to interpret differences in the associations between PA and MetS in cohorts from different countries because perceived differences in risk association could simply result from differences in how PA is measured and which components of PA are reported across questionnaires.
Some recent studies using objective measures such as pedometers or accelerometers have greater potential for comparability across studies because pedometers and accelerometers are not subject to the same types of reporting bias as recall questionnaires and allow for a higher degree of standardization of measurement across populations when the same instrument, protocol, and processing methods are utilized. 13 These monitors primarily capture ambulatory movement. Although they may misreport (or not report) non-ambulatory activities, such as biking or swimming, the output from these devices is often used as a proxy for total movement, which is something that cannot be validly assessed by questionnaire. 10, 13 However, because pedometers and accelerometers cannot capture domain-specific PA, such as leisure PA (which is typically the target of PA intervention programs), it has been suggested that the most effective method of measuring PA is with the combination of accelerometers or pedometers and a questionnaire. Thus, to provide the best assessment of the relationship between PA and MetS across countries, both a questionnaire that reports domain-specific PA and can be modified to suit all included populations and an objective measure of total movement are needed. 14 There have been only a few studies comparing PA across countries, and all of them used different questionnaire-based methods for the assessment of PA without using pedometers or accelerometers.
15À18 This is unfortunate because examining the associations between PA levels and MetS across cultures with different lifestyle habits and different rates of MetS has the potential to better illuminate the mechanisms underlying the relationship between PA and MetS and to provide better international PA guidelines geared toward lowering the prevalence of MetS and the development of lifestyle-induced cardiovascular disease and diabetes.
The United States has one of the highest rates of MetS, affecting about 30% of adults, 19 whereas only 5%À10% of Japanese adults have MetS, 20 which is one of the lowest rates in the world. Additionally, 1 study based on self-reported PA suggested that Americans may perform PA at more vigorous levels while Japanese engage in more moderate-intensity walking. 18 However, no previous studies have uniformly collected and directly compared PA levels in the United States and Japan using objective methods, and no previous studies have compared the association of PA and MetS across these 2 countries. Therefore, examining differences in risk contribution of both total PA and domain-specific PA from standardized and validated instruments across cohorts in Japan and the United States has the potential to contribute new knowledge on the importance of PA as a modifiable risk factor for MetS prevalence in both countries. The results of such a study may also help to inform future international efforts on how to measure the contribution of PA to the development of MetS and individual MetS components.
Using data from the electron beam computed tomography and Risk Factor Assessment among Japanese and U.S. Men in the Post-World War II Birth Cohort (ERA-JUMP) Study, we compared characteristics of PA across the American and Japanese cohorts. We also examined the associations between both subjectively and objectively measured PA levels and MetS in each cohort using a single questionnaire and standardized collection/ evaluation tools for pedometer step counts across cohorts.
Materials and methods

Study population
Details of the ERA-JUMP Study have been described previously. 21, 22 Briefly, the ERA-JUMP Study was established to investigate differences in subclinical atherosclerosis among men aged 40À49 years at baseline (2002À2006) in different populations. Study participants were population-based samples of American men from Allegheny County, Pennsylvania, USA, and Japanese men from Kusatsu, Shiga, Japan, all of whom completed a follow-up examination between 2008 and 2013 (when PA assessments were completed for both the American and Japanese sub-cohorts in the ERA-JUMP Study). Both the American (n = 417) and Japanese (n = 313) cohorts were randomly selected from local registries. All participants were without clinical cardiovascular disease, type 1 diabetes, or other severe disease. The current study utilized cross-sectional data from the follow-up visit for the main ERA-JUMP Study because that is when PA data from questionnaires and pedometers were collected from both cohorts.
We excluded 172 participants who did not have a follow-up visit (114 American men and 58 Japanese men) and 48 participants who did not have pedometer and/or modifiable activity questionnaire (MAQ) data (38 American men and 10 Japanese men). Our final sample consisted of 510 participants: 265 American (222 Caucasian and 43 African American) men and 245 Japanese men. Compared to our final sample, the 172 participants who were originally excluded because they did not have a follow-up visit had a significantly higher body mass index (BMI) (American: 26.1 § 4.6 vs. Japanese: 27.0 § 5.7, p = 0.048), although no differences existed for age, prevalence of MetS and its components, or percentage with self-reported leisure PA of 1 h/week or more (data not shown). The present study was approved by the Institutional Review Boards of the University of Pittsburgh and Shiga University of Medical Science and written informed consent was collected from all participants.
PA assessment
To capture both total and domain-specific PA (leisure and occupational), both subjective and objective measurement tools were used. The MAQ, a previously validated interviewer-administered recall questionnaire, was used to assess both leisure and occupational activities that mostly were of moderate-to-vigorous intensity. 23, 24 The MAQ version used in this study was specifically modified for use across these 2 country-specific cohorts and has previously been modified and translated for use in several different countries. Prior to administration, the MAQ was piloted at both study sites to ensure the comprehensive inclusion of activities that were culturally relevant for both sites. 25 All staff administering the MAQ were trained and certified prior to data collection. Participants were asked to report primarily moderate-to vigorousintensity leisure and occupational activity that occurred during the 6 months immediately before their clinic visit. PA levels were then calculated by the staff as the product of the duration and frequency of each activity (in h/week), weighted by the estimate of the metabolic task equivalent (MET) 26 of that activity (from the Compendium of Physical Activities), 27 and summed for all activities performed. Data were expressed as MET hours per week (MET-h/week) averaged over the 6-month period.
Objectively measured PA data were collected via the Yamax Digiwalker SW-200 pedometer (Yamasa Tokei Keiki Corporation, Tokyo, Japan). The digiwalker SW-200 is a spring-levered pedometer that records steps taken. Pedometers are best at assessing ambulatory activity levels and collect both moderateto vigorous-intensity and light-intensity movement. The validity and reliability of this device in counting steps have been shown in various laboratory and field settings. 28, 29 Participants were asked to wear the pedometer during all waking hours for 7 consecutive days and to only remove the monitor for sleeping, showering, and other water activities. Participants recorded the number of steps taken in an activity diary at the end of each day. They were also asked to report monitor time on/off. Monitors and diaries were then returned to the clinic in a postage-paid envelope. Per previously validated protocol, only participants with 3 or more days of data were included in the study. 30 If there was a question regarding compliance with monitor wear instructions, diary on/off times were used to confirm compliance. The data were then summed as average step counts per day (the sum of total step counts recorded divided by the number of reported days). Pedometer steps were further categorized to correspond with previously reported cut points for low (<5000 steps/day), moderate (5000 to <10,000 steps/day), and high (10,000 steps/day) activity. 31 
Other measures
Body weight and height were measured with the participants wearing light clothing but without shoes. BMI was calculated as weight (in kilograms) divided by height squared (in meters squared). Waist circumference (WC) was measured with a tape measure at the level of the umbilicus while the participants were standing and at the end of exhalation. Blood pressure (BP) was measured in the right arm of the seated participants after emptying their bladder and sitting quietly for 5 min, using an automated sphygmomanometer (BP-8800; Colin Medical Technology, Komaki, Japan). The average of 2 measurements was used in the analyses. Smoking (never, former, or current), alcohol consumption (2 days/week), and medication use (anti-hypertensive, anti-diabetic, and lipid lowering) was assessed via questionnaire. Venipuncture was performed early in the clinic visit after a 12-h fast. Serum and plasma samples were stored at À80˚C and shipped to the University of Pittsburgh. Serum/plasma samples were assayed for glucose and lipids as described previously. 21 For the comparison of BP, blood glucose, and lipid levels, those on medications were excluded. MetS and individual components were defined according to the updated National Cholesterol Education Program Adult Treatment Panel-III criteria, which take into account medications for the different components. 32 Specifically, MetS was defined as 3 or more of 5 components: elevated WC (102 cm in American men and 90 cm in Japanese men), elevated BP (systolic BP 130 mmHg or diastolic BP 85 mmHg), elevated triglycerides (150 mg/dL), reduced high-density lipoprotein (HDL) cholesterol (<40 mg/dL), and elevated fasting glucose (100 mg/dL). Per protocol, individuals on BP, blood glucose, and/or lipid-lowering medications were defined as having the treated MetS components. However, a sensitivity analysis was also done in which individuals on medications were not included. Obesity was defined as a BMI of 25 kg/m Statistical significance was determined by a p value of less than 0.05. All statistical analyses were performed using SAS software Version 9.4 (SAS Institutes Inc., Cary, NC, USA).
Results
Characteristics of participants
At the follow-up visit, American participants (n = 265) appeared to be slightly younger than Japanese participants (n = 245) on average (49.8 § 2.9 years vs. 51.2 § 2.8 years, p < 0.0001) ( Table 1 ). American participants also had a higher BMI than their Japanese counterparts (29.2 § 4.9 kg/m 2 vs. 23.8 § 3.2 kg/m 2 , p < 0.0001), although no difference in obesity was observed after using ethnic-group-specific BMI cut points (32% vs. 31%, p = 0.70). A significantly higher percentage of Japanese men reported past or current smoking and alcohol consumption 2 times/week (both p < 0.0001) ( Table 1) .
Overall, American participants were significantly more likely to have MetS (38% vs. 26%, p = 0.002). Differences in hypoglycemic and antihypertension medication use were small and non-significant between the Japanese and American cohorts (p > 0.05). However, the use of lipid-lowering medications was 3 times higher in the American men when compared to the Japanese men (21% vs. 7%, p < 0.0001). Among other MetS criteria, American participants were also significantly more likely to have high WC, high blood glucose, and low HDL cholesterol, although there was no significant difference in the proportion in each cohort with high BP and high triglycerides (based on p < 0.05). When examining only those without medication, American participants had significantly lower diastolic BP, HDL cholesterol, and higher blood glucose levels (Table 1) .
PA levels
American participants had significantly lower mean ( §SD) pedometer steps per day compared to Japanese participants (7878 § 3399 steps/day vs. 9055 § 3797 steps/day, p < 0.001). There were significantly fewer American participants with 10,000 or more steps/day (21% vs. 35%, p < 0.001) and significantly more American participants with fewer than 5000 steps/day compared to Japanese participants (18% vs. 11%, p = 0.02) ( Table 2) .
The MAQ past 6-month recall questionnaire was also used to provide information on self-reported PA levels in both cohorts. The top 3 activities in the American cohort were gardening, walking for exercise, and strength training, whereas the top 3 activities in the Japanese cohort were bicycling, walking for exercise, and jogging (Table 3) .
Overall, American participants had significantly higher self-reported median (interquartile range (IQR)) moderatevigorous leisure activity levels (15.9 (7.4À30.3) MET-h/week vs. 4.0 (0À11.3) MET-h/week, p < 0.0001) and were more than twice as likely to self-report 1 h or more of moderatevigorous leisure PA/week (78% vs. 31%). Additionally, the proportion of participants achieving 7.5 or more MET-h/week of leisure activity (equivalent to meeting U.S. and WHO aerobic activity guidelines of 150 min/week of moderate-vigorous intensity PA) was higher in American participants (74% vs. 35%, p < 0.0001) ( Table 2) .
Conversely, there were fewer American participants reporting any occupational activity in the American cohort (25.7% vs. 44.1 %; data not shown) and the overall distribution of occupational activity levels suggested lower levels for the American participants compared to Japanese participants (median (IQR): 0 (0À18.5) vs. 0 (0À110.8) MET-h/week, p < 0.0001). However, when including only those individuals reporting occupational activity, there was no difference in the median (IQR) MET-h/week of work-related activity (American (n = 68): 118.8 (80.4À165.7) vs. Japanese (n = 108): 120.6 (92.3À155.1) MET-h/week, p = 0.665.) It should be noted that when leisure and occupational PA were summed and reported as "total PA" there was no significant difference in median total activity values between the cohorts (American: 25.1 (11.5À63.0) vs. Japanese: 25.8 (2.1À123.5) MET-h/week, p = 0.437). However, when the American cohort was further classified by race/ethnicity, African American participants reported the highest median total, leisure, and occupational PA levels when compared to both American Caucasians and the Japanese cohort (data not shown).
PA and MetS
Higher counts of pedometer steps were associated with significantly lower odds of having MetS in both populations (Table 4 ). This association remained even after adjustment for age, smoking, and alcohol consumption (Table 4 ). In the fully adjusted model, each 1000 step count/day increase was Note: Values are mean § SD, n (%), or median (IQR). Abbreviations: IQR = interquartile range; MET = metabolic equivalent task; PA = physical activity Table 3 Common activity ranking in each site (n (%)).
Pittsburgh (n = 265) Kusatsu (n = 245) (Table 4) . For individual MetS components, higher step counts/ day were associated with lower odds of having high WC in both populations (American: OR = 0.86, 95%CI: 0.79À0.94; Japanese: OR = 0.88, 95%CI: 0.80À0.95) and high triglycerides in Japanese participants (OR = 0.93, 95%CI: 0.86À0.99). Although no significant associations were observed for high BP, high glucose, and low HDL cholesterol in either cohort (Table 4 ). In the fully adjusted model each 1000 steps count/day increase was also associated with lower odds of obesity, which was significant in the American cohort (OR = 0.89, 95%CI: 0.81À0.97), but not the Japanese cohort (OR = 0.93, 95%CI: 0.86À1.01) ( Table 4 ). The results were consistent when pedometer steps were represented as a categorical variable ( Table 5) .
The relationships between individual components of PA from the MAQ (leisure and occupational) and MetS were also examined. There were no associations between self-reported PA levels and MetS in the Japanese men. However, in the American men higher leisure PA (in MET-h/week) was associated with lower odds of having MetS (OR = 0.98, 95%CI: 0.97À0.99; data not shown) and high WC (OR = 0.98, 95%CI: 0.97À0.99; data not shown). There were also no associations between total PA (leisure and occupational) from the MAQ and MetS or individual components of MetS.
Discussion
In this comparative study of PA and MetS in a cohort both of U.S. and Japanese men, higher levels of average pedometer steps/day were significantly and strongly predictive of lower odds of having MetS (10%À13% for each 1000 steps/day) and lower odds of having high WC (»12% for each 1000 steps/ day) in both cohorts, as well as lower odds of having high triglycerides in the Japanese cohort (»7% for each 1000 steps/ day). Conversely, an examination of the relationship between domain-specific PA and MetS, using a version of the MAQ specifically modified for applicability to both populations, suggested that leisure PA was only related to lower odds of MetS and lower odds of high WC in the U.S. cohort (both »2% for each 1 MET-h/week or 20 min/week of moderateintensity PA), but not the Japanese cohort. Further examination of the MAQ data to include both leisure and occupational PA did not show a contribution of occupational PA as measured by the MAQ. This finding suggests that when crossinstrument-measured bias in PA reporting is eliminated from the results, total ambulatory movement in both cohorts was more related to MetS and individual MetS components when compared to self-reported domain-specific PA.
A number of previous studies have shown an association between higher step counts and lower odds of MetS in American or Japanese populations. 34À38 However, due to differences in study populations and measurement methods for PA, it is difficult to know whether these findings were "real" or whether they were an artifact caused by differences in how PA data were collected and reported. For example, inclusion Table 5 Association of categories of pedometer steps with metabolic syndrome and its components. Physical activity and MetS in US and Japancriteria and wear time criteria varied by study (e.g., measurement of step counts ranged from only 1 day to 3 consecutive days to 7 consecutive days). When PA was examined as average total pedometer step counts per day, our study showed that the associations between PA and MetS are very similar for middle-aged men in both countries, using the exact same methods. The study inclusion criteria were also the same in both countries, resulting in a narrow age range of participants, thus reducing confounding by age. Furthermore, compared to previous studies that only used larger cut point categories for reporting step counts, our study showed that even increments of 1000 steps/day were associated with important reductions in the odds of having MetS in both countries, which suggests that step count-based PA intervention efforts to decrease MetS could be impactful in both the United States and Japan.
Our findings suggest that average total step counts/day may be important to the prevalence of MetS in both Japanese and American men. Pedometers are able to capture activities that are difficult to capture via questionnaire (hard to recall), such as unplanned activities that may be of shorter duration and/or lower intensity (such as light-intensity activity). In relation to this, previous studies have shown that light PA, 39 and even short bouts of PA such as total PA lasting less than 3 min and moderate to vigorous PA lasting less than 32 s 40 are associated with lower prevalence of MetS or individual MetS components. Accumulation of light PA and short bouts of PA that could be captured with pedometer steps but not with the MAQ may have resulted in favorable hormonal profiles in our study population. Because questionnaires are not as good at capturing total ambulatory movement (including unplanned and low-intensity PA), 10, 13 these findings may help to explain why previously published studies largely based on questionnaire data have shown inconsistent findings across countries for the relationship between PA and MetS. 41À44 Our results suggested that higher levels of leisure PA, collected via the MAQ, were associated with lower odds of MetS in the cohort of American men but not Japanese men. This finding, which showed a smaller effect size than that of total pedometer steps per day, suggests that leisure PA likely contributes to some, but not all, of the effect of total movement (from all intensity levels and domains) on MetS and WC in the American cohort but does not significantly contribute the effect in the Japanese cohort. The fact that there was no significant effect of leisure PA in the Japanese cohort may be due to the much lower reported leisure PA levels among Japanese participants (i.e., leisure PA, as recorded by the MAQ, is not how they accumulated step counts).
This study also illustrates the important differences in patterns of PA between the American and Japanese cohorts, which may explain the inconsistent findings in previous studies regarding the relationship between PA levels and MetS. Depending on the methods of PA assessment, comparison of PA levels have resulted in substantially different findings.
5À8
One study suggested that PA was similar between 2 countries when combined self-reported work and leisure PA was measured. 15 However, other studies have suggested that
Americans have higher self-reported moderate to vigorous leisure PA 8 and lower self-reported occupational PA 17 compared to the Japanese. Our study, which confirmed these differences in a standardized setting, highlights the importance of assessing various aspects of PA in cross-country comparisons when the sources of PA differ across populations. Furthermore, our findings suggest that leisure PA levels were more important toward MetS prevalence in the U.S. cohort compared to the Japanese cohort, where the effect was not significant. In our study, the use of the MAQ, which was originally designed to be modified for use across cultures, was effective at capturing these differences but likely did not capture all components of PA important to MetS prevalence in both cohorts. This suggests the need for methods that capture aspects of PA, including light-intensity PA and unplanned activities, that are difficult to assess with questionnaires. However, it should be noted that questionnaires may be useful as a complementary tool to identify the specific components of PA that contribute to the relationship between overall PA levels and MetS.
Our study has several limitations. First, as with most previous studies, the cross-sectional design does not allow us to determine if the relationship between PA and MetS in causal. 45 Second, although we used representative samples of populations, our population was limited to middle-aged men at participating sites. Therefore, it is unknown if the results are generalizable to wider Japanese and American populations, which include men in other cities, younger adults, and women. Third, although we adjusted for alcohol use, we did not adjust for other dietary factors. It is possible that some of the association between PA and MetS may be mediated by dietary factors. Finally, there is no gold standard measure for PA that will capture complete information on PA that includes a valid measure of total ambulatory movement and distinguishes the types of activities performed. Therefore, it was necessary to administer both an objective and subjective measure of PA.
However, there are also various strengths to our study. Ours is the first study to compare PA levels in the United States and Japan using both subjective and objective measurement tools. Our study is also the first to assess the association of PA and MetS in the 2 countries simultaneously using standardized methods for outcome collection and processing of PA data. The use of both subjective and objective measures to assess PA enabled us to investigate the associations between MetS and more components of PA. Unlike some studies that measured only 1 day or a few days of pedometer steps, our study used validated methods that only included participants with pedometer steps data for 3 or more of the 7 consecutive days. Also, compared to the age range in previous studies, the age range of our participants was small (13 years), which resulted in less confounding by age.
Conclusion
These results showed that average total step counts/day had a strong protective effect on MetS in both the U.S. and Japanese cohorts of middle-aged men, despite differences in other risk factors across the populations. The effect was stronger than any specific component of PA or the combined "total" PA reported through the questionnaire. This suggests that components of PA, such as light-intensity PA and unplanned PA, which can be captured by a pedometer but are difficult to accurately capture with questionnaires, are important in reducing MetS development in both cohorts. Studies that seek to examine the importance of PA levels to MetS prevalence and incidence within and across countries may want to consider using an objective measurement method that can capture total ambulation or total movement across all domains of activity as a way to ensure that all relevant domains of PA are captured. Questionnaires may additionally be valuable to illuminate the contribution of specific components of PA that are important to MetS prevention in each cohort.
